Chromolaena odorata (Syn: Eupatorium odoratum) is a perennial plant belonging to the Asteraceae family. Extracts of C. odorata have shown strong anti-oxidant and moderate anti-adipogenenesis activities. Detailed phytochemical investigation of C. odorata led to the isolation of 21 secondary metabolites, which include a new flavanone (3), and a chalcone, 3,2-dihydroxy-4,4,5,6-tetramethoxychalcone (2), reported for the first time from a natural source, besides three known compounds 1, 4 and 5, all of which are reported for the first time from C. odorata. Some of these compounds exhibited potent anti-oxidant and anti-adipogenesis activities and these may be partly responsible for the activity of the extract.
In the present investigation, the extract of C.odorata showed potent anti-oxidant and anti-adipogenesis activities. A detailed phytochemical re-investigation of the leaves was performed to identify the active constituents. This investigation led to the isolation of 21 compounds, which include a new flavonoid (3) and a chalcone (2) , which is being reported for the first time from a natural source. In addition, three of the compounds (1, 4 and 5) were isolated and characterized for the first time from C.odorata. The molecular masses were obtained by using an Agilent LC-MS -1100 series.
Compound 1 was obtained as a semi-solid. It appeared as a single spot on TLC, but it was found to be a mixture of n-alkyl esters of p-coumaric acid by 1 H NMR spectroscopic and mass spectrometric analyses. The mixture was characterized as p-coumarates of four different n-alkanols having their alkyl chain length in the range of 20 to 26 carbons as summarized in Table 1 . Again, each coumarate was found to be a mixture of cis and trans isomers based on NMR spectra. Similar types of mixtures of n-alkyl-p-coumarates have been reported in Artemisia assoana [25] and Tanacetum longifolium [26] . The p-coumarate having the C 20 n-alcohol was also synthesized [27] . This is the first report of the isolation of these compounds from C. odorata. These compounds have been reported to be plant growth inhibitors [28] .
Compound 2, isolated as a light yellow crystalline solid, showed a molecular ion for (M+H) + at m/z 361.19 in its LC-MS. It exhibited a high resolution mass of 359.1161 (negative ion mode), which corresponds to the molecular formula C 19 H 20 O 7 (calculated mass for M+H value found in experimental section). The 1 H and 13 C NMR spectral data showed many spectral features common to those of flavonoid compounds. However, the  max at 370 nm in the UV spectrum of 2 indicates the presence of an extended conjugated system, which is not a usual feature found in a flavanone skeleton.
A characteristic resonance at  192.6 in the 13 Emani et al. signal ( 3.86) in the 1 H NMR spectrum upon irradiation of the proton at δ 6.79 (H-5) helped to assign the position of OCH 3 at C-4 and OH at C-3 of the phenyl ring. A close scrutiny of the 1 H NMR and 13 C NMR spectra of 2 indicated the presence of three additional methoxyl groups, one aromatic hydrogen and one phenolic hydroxyl function, which suggests a penta-substituted phenyl ring system for ring A in the chalcone structure. A downfield signal at δ 13.66 in the 1 H NMR spectrum and a broad peak at 3252 cm -1 in the IR spectrum suggested the presence of a chelated hydroxyl group on C-2adjacent to a carbonyl group, as found in certain chalcone and flavonoid compounds. Irradiation of the aromatic proton at δ 6.21 (s) in the proton spectrum showed enhancement of the methoxyl signal ( 3.82) and chelated hydroxyl proton signal suggesting the position of a lone hydrogen on C-3 of ring A. The positions of the three methoxyl groups could thus be assigned at 4, 5and 6carbons of ring A. The 1 H and 13 C NMR signals were assigned, based on HSQC and HMBC spectra. The structure of 2 was finally assigned as 3,2-dihydroxy-4,4,5,6-tetramethoxychalcone. This was confirmed by the HMBC correlations, as summarized in Figure 1 . A perusal of the literature on chalcones indicates, that the data correlates closely to the structure of chalcone 3,2'-dihydroxy-4,4,5,6-tetramethoxychalcone reported as a synthetic byproduct, but no data was furnished [29] . To the best of our knowledge this is the first report of its isolation from a natural source.
Compound 3 is a white solid. It showed a molecular ion at m/z 301.2 (M-H, -ve ion mode) in its MS, with a corresponding high resolution mass at m/z 301.0683 (-ve ion mode) in its Q-TOF mass spectrum, suggesting a molecular formula of C 16 H 14 O 6 (calc.for C 16 H 14 O 6 : 301.0712). It exhibited  max at 357 and 292 nm in the UV spectrum. The appearance of a broad band at 3374 cm -1 in the IR spectrum in conjunction with the development of a violet colored spot for 3 in the TLC with ferric chloride, indicated the presence of a chelated hydroxyl group. The 1 H NMR spectrum showed the presence of an AMX spin system containing a proton at δ 5.44 (dd, J = 12.0, 2.4 Hz, H-2), which is attached to an oxymethine carbon at δ 78.4 based on the HSQC spectrum. It exhibited coupling to two methylene protons at δ 3.2 (dd, J = 17.6, 12.4 Hz, H-3a) and δ 2.76 (dd, J = 17.2, 2.4 Hz, H-3b), and both attached to a methylene carbon at δ 42.4. The foregoing data suggest that the basic structural type of the molecule is a flavanone. The 1 H NMR spectrum also exhibited two symmetrical doublets at δ 7.35 (2H, d, H-2′,6′) and 6.80 (2H, d, H-3′,5′) with a coupling constant of J = 8.4 Hz and each integrating for two protons, indicating the presence of a paradi-substituted phenyl ring system. The corresponding carbon signals for C-2′,6′ and C-3′,5′ appeared at δ 128.3 and 115.1, respectively in the 13 C NMR spectrum. These two proton doublet signals showed HMBC correlation to oxygen bearing aromatic carbon C-4′ appearing at δ 157.6, which further had an additional HMBC correlation from a phenolic -OH proton appearing at δ 9.58 in the 1 H NMR spectrum. This indicates that the para substituent is a phenolic hydroxyl. In addition, the two-proton doublet observed at δ 7.35 (H-2′,6′) showed correlation to the oxymethine carbon at δ 78.4 (C-2) suggesting that the para-di-substituted phenyl moiety is the B-ring of the flavanone molecule. The 1 H NMR spectrum further exhibited only a singlet aromatic proton at δ 6.20 (1H, s, H-6) and the corresponding aromatic carbon is assigned a chemical shift of δ 92.2 (C-6) based on its HSQC correlation. In addition, it showed the presence of two protons at δ 8.09 (OH, s, H-8) and 11.80 (1H, s, chelated OH, H-5), both exchangeable with D 2 O, characteristic of phenolic hydroxyl groups. The NMR spectrum further showed the presence of a methoxyl singlet at δ 3.84 (3H, s, OCH 3 ), which is indicative of an aromatic methoxyl function. These substituents suggested a tri-substituted aromatic system for ring A with two phenolic hydroxyl groups and one methoxyl function. In NOE experiment, irradiation of the chelated hydroxyl proton at δ 11.80 showed significant enhancement of the aromatic proton at δ 6.20. Irradiation of the proton at δ 6.20 (H-6) in turn showed enhancement of the OCH 3 signal at δ 3.84 (C-7). The carbon signal at δ 157.2 (C-7) is assigned to the aromatic carbon bearing the methoxyl function based on the HMBC correlation from the methoxyl protons. Finally, the OH proton at δ 8.09 showed HMBC correlation to the carbon signals at δ 126.6, 148.4 and 157.2, which are assigned respectively to C-8, C-9 and C-7 carbons of the flavanone system. Based on the foregoing studies the compound is assigned structure 3, which is fully supported by the observed HMBC correlations, as summarized in Figure 2 .
Compound 4 was obtained as a yellow crystalline material. From a review of the literature, the NMR data matched that of 3,5,4′trihydroxy-7,3′-dimethoxyflavanone(4), previously reported from Artemisia dracunculus [30] .
Compound 5, a highly polar metabolite, was isolated from the 60% methanol/water extract of C.odorata. It was characterized as N-methyl-trans-4-hydroxy-L-proline (5) . It is an unusual amino acid previously found in a few species of higher plants, including Tamarix, Ipomoea carnea and Afrormosia elata, and the marine alga Chondriacoerulescens [31] . The spectral data correlated well with those reported in the literature [32] [33] .
The rest of the compounds (6-21) have been previously reported from C.odorata. The chalcones, i.e 2′-hydroxy-4,4′,5′,6′tetramethoxychalcone (19) , 2′,4-dihydroxy-4′,5′,6′-trimethoxy chalcone (20) and 2′-hydroxy-3,4,4′,5′,6′-pentamethoxy-chalcone (21) were reported by Suksamran et al. [34] and Barua et al. [15] , respectively. The flavanone compounds persicogenin (13), isosakuranetin (14) , 4′-hydroxy-5,6,7-trimethoxyflavanone (15) and 4′,5,6,7-tetramethoxyflavanone (17) were reported by Suksamrarn et al. [34] . The flavanone compounds dihydro-kaempferide (16) and 3,4′,5-trihydroxy-7-methoxyflavanone (18) were reported by Virinder et al. [36] and Herz et al. [35] , respectively. The flavone compounds sinensetin (6), kaempferide (7) , and tamarixetin (12) were reported by Phan et al. [37] ; 5,6,7,4′-tetramethoxyflavone (8) was reported by Barua et al. [15] ; 3,3′,5-trihydroxy-4′,7dimethoxyflavone(9) by Dong et al. [38] ; acacetin (10) by Suksamran et al. [34] and 5,7-dihydroxy-4′,6-dimethoxyflavone (11) by Zaidi et al. [39] . The structures of these compounds (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) were confirmed based on a comparison of their spectral data with those reported in the literature.
Compounds 1 to 21 were evaluated for their in vitro anti-oxidant activity in superoxide radical scavenging and DPPH free radical scavenging models. These compounds were also evaluated for their ability to inhibit the lipid accumulation in 3T3-L1 human preadipocyte cells. Compounds 4, 7, 9, 12 and 13 showed moderate anti-oxidant activity. Similarly, compounds 4, 5, 7, 8, 15, 16 and 17 showed potent inhibition of lipid accumulation in 3T3-L1 human pre-adipocyte cells. The results of the anti-oxidant activities are summarized in Table 2 and the lipid accumulation inhibition activities in Table 3 . Flavonoids are known to be potent antioxidants. The scientific literature and epidemiological studies indicate that consumption of foods containing flavonoids have preventive effects against some chronic disorders. Further studies to explore the potential of C.odorata for use as a treatment against obesity and other metabolic disorders thus are warranted. 
Experimental

Extraction and isolation:
The dried leaves of C.odorata (1.3 kg) were pulverized and extracted twice successively with each of 90% MeOH/water (8.5 L), 60% MeOH/water (8.5 L) and finally with water (5 L). The extracts with each solvent were combined and concentrated separately to give 210 g (90% MeOH/water), 35 g (60% MeOH/water) and 30 g (water) as dark brown pastes.
The extract obtained with 90% methanol (210g) was subjected to CC over silica gel (200-100 mesh, 1.5 kg), using solvents of increasing polarity as eluants starting from n-hexane, followed by mixtures containing 5%, 10%, 20%, 30%, 40%, 50%, 60%, 70% and 80% EtOAc in n-hexane, EtOAc and finally MeOH. The fractions were monitored by TLC and then combined into 12 fractions, K 1 -K 12 . Fraction K 1 obtained on elution with 5% EtOAc/n-hexane (6 g) was re-chromatographed on silica gel using n-hexane and n-hexane/EtOAc mixtures as eluents and the fraction eluted with 2% EtOAc/n-hexane yielded compound 1 (235 mg).
The fraction K 2 was obtained on elution with 10% EtOAc/n-hexane (7 g). It was subjected to further column chromatography over silica gel (120 g) using acetone/CHCl 3 mixtures to obtain compounds 6 (27 mg), 9 (40 mg) and 12 (90 mg) upon elution of the column with 2%, 3% and 15% acetone/CHCl 3 mixtures respectively.
Fraction K 3 obtained on elution with 20% EtOAc/n-hexane, on further purification on silica gel using acetone/CHCl 3 mixtures, afforded compound 8 (180 mg) on elution with 5% acetone/CHCl 3 , and compounds 2 (19 mg) and 7 (32 mg) on elution with 10% acetone/CHCl 3 .
Fraction K 4 was obtained on elution with 30% EtOAc/n-hexane. It was subjected to repeated CC over silica gel using EtOAc/n-hexane and acetone/CHCl 3 mixtures as eluants to obtain compounds 10 (75 mg) and 14 (26 mg) on elution with 15% EtOAc/n-hexane, and 15 (22 mg) was obtained on elution with 6% acetone/chloroform. Fraction K 5 was obtained on elution with 40% EtOAc/n-hexane. It was re-purified on a silica column using acetone/CHCl 3 mixtures and the fractions eluted with 3%, 5% and 8% acetone/CHCl 3 mixtures yielded compounds 3 (10 mg), 11 (110 mg) and 13 (24 mg), respectively. Fraction K 6 and K 7 were obtained on elution of the column with 50% and 60% EtOAc/n-hexane mixtures, respectively. They were combined and this mixture (2 g) was purified on a column of silica gel using acetone/chloroform mixtures to obtain compounds 16 (15 mg) and 19 (5 mg) from the fractions eluted with 10% acetone/CHCl 3 .
Fraction K 8 , obtained on elution with 70% EtOAc/n-hexane, was chromatographed on silica gel using methanol/CHCl 3 to give compound 4 (35 mg). Fraction K 9 , obtained on elution with 80% EtOAc/n-hexane, was re-chromatographed on silica gel using CHCl 3 /acetone mixtures as eluants and the fractions so obtained on elution with 2% and 5% acetone/CHCl 3 mixtures yielded compounds 17 (12 mg) and 18 (35 mg), respectively.
Finally, fractions K 10 and K 11 were obtained on elution with EtOAc. They were combined and subjected to further purification on silica gel using acetone/CHCl 3 mixtures to yield compounds 20 (12 mg) and 21 (35 mg) , respectively on elution with 15% and 20% acetone/chloroform mixtures.
Separately, the 60% methanol/water extract (35 g) was purified on a silicagel column and the fraction eluted with methanol was concentrated under vacuum and the residue crystallized from methanol to obtain compound 5 (145 mg). 
Eicosanyl-trans-p-coumarate
Determination of superoxide radical scavenging activity:
Superoxide radical scavenging activity of compounds from C. odorata was determined spectrophotometrically (560 nm) by following the Nitro Blue Tetrazolium (NBT) photo reduction method of McCord and Fridovich [40] . The assay mixture contained EDTA (6.6 µM), NaCN (3 µg), riboflavin (2 µM), NBT (50 µM), test substance and phosphate buffer (58 mmol, pH 7.8) in a final volume of 3 mL. Each mixture in a tube was shaken well, and the optical density was measured at 560nm. Each tube was then uniformly illuminated with an incandescent lamp for 15 min, and the optical density was measured again at 560 nm. The percentage inhibition of superoxide radical-generation was measured by comparing the absorbance values of the control and that of the test substance. The IC 50 values were obtained from a plot drawn of the concentration (µM) versus the percentage inhibition. The superoxide radical's inhibitions exhibited by these compounds have been summarized in Table 2 .
Determination of DPPH free radical-scavenging activity:
The DPPH radical scavenging activity was measured by the method of Lamaison et al. [41] based on the reduction of a methanolic solution of the colored DPPH solution. The free radical scavenging ability of each test substance added to a methanolic solution of DPPH was inversely proportional to the difference between the initial and final absorption of the DPPH solution at 517 nm. The efficacy is expressed as 50% inhibitory concentration (IC 50 ). The reaction mixture contained 1×10 -4 mmol of a methanolic solution of DPPH and various concentrations of a test substrate. The percentage inhibition was determined by comparing the absorption values of test and control tubes, while the IC 50 value was obtained from a plot drawn of the concentration (µM) versus the percentage inhibition. The DPPH radical's inhibitions shown by these compounds have been summarized in Table 2 .
FRAP assay:
The ferric reducing ability of plasma [FRAP] of pure compounds from C. odorata was performed based on the method of Benzine and Strain [42] . The assay mixture contained 2.5 mL of 300 mM acetate buffer at P H 3.6, 0.25 mL of 10 mM TPTZ solution in 40 mM HCl, 0.25 mL of 20 mM FeCl 3 and test substances in 0.1 mL water or methanol. The absorbance was measured after 30 min of incubation at 593 nm. Standard graphs were constructed using known concentrations of ferrous salt in water /methanol to replace FeCl 3 . All tests were run in triplicate and mean values were used to calculate EC 1 values. EC 1 is defined as the concentration of an anti-oxidant having a ferric reducing ability equivalent to that of 1 mM ferrous salt. The efficacy of the test substances was compared with the known anti-oxidant vitamin-C. Inhibition of lipid accumulation in differentiated adipocytes: One hundred thousand 3T3-L1 human pre-adipocyte cells in Dulbecco's Modified Eagles Medium (DMEM) containing 10% fetal bovine serum (FBS) were taken into each well of a 24-well plate and incubated for 48 h at 37°C and under 5% CO 2 . The differentiation of pre-adipocyte cells was initiated in a differentiation medium containing 10 μg/mL insulin, 1.0 μM dexamethasone, and 0.5 mM isobutylmethylxanthine (IBMX) for 48 h. After this, the medium was replaced by DMEM containing 10 μg/mL insulin and incubated for 3 days. Then the differentiating cells were treated separately with 10 μg/mL of isolated compounds and maintained in the medium for another 3-5 days. The cells incubated with 0.1% DMSO were considered as the vehicle control. After the incubation period, cells were washed with phosphate buffered saline (PBS) and fixed with 10% buffered formalin for 1h at room temperature. One small aliquot of cell suspension was separated for cell counting in a hemocytometer chamber. Fixed cells were stained with Oil Red O solution to measure the cellular neutral lipid accumulation. Briefly, cells were washed with PBS, fixed with 10% buffered formalin and stained with Oil Red O solution (0.5 g in 100 mL isopropanol) for 10min. After removing the staining solution, the dye retained in the cells was eluted into isopropanol and its OD measured at 550 nm. The inhibition of fat accumulation in the treated cells was compared with the mock treated differentiated adipocytes to determine percentage inhibition of accumulation test substance [43] . The % inhibitions of lipid accumulation exhibited by the test compounds are summarized in Table 3 . 
